To define the role of plasminogen (Plg) in the smooth muscle cell response after arterial wall injury, neointima formation was evaluated after electric injury of the femoral artery in plasminogen-deficient (Plg 
Introduction
Vascular reconstructions including balloon angioplasty, stenting, and bypass surgery are widely used to treat patients with ischemic heart disease. However, chronic narrowing of the lumen (restenosis) significantly limits the usefulness of such procedures and necessitates costly reintervention (1, 2) . Although vascular remodeling appears to be a major determinant of luminal stenosis after balloon angioplasty, intimal thickening can contribute to the luminal narrowing, especially when vascular remodeling is prevented by placement of intraluminal stents. One hypothesis is that intimal thickening is similar to a wound healing process of the vessel wall after injury, in which smooth muscle cells in the media proliferate, migrate from the media across the internal elastic membrane underneath the endothelium, proliferate in the neointima, and deposit extracellular matrix (3) (4) (5) . Recent indirect evidence suggests an involvement of proteinases, including the plasminogen and metalloproteinase systems, in the process of smooth muscle cell migration (6) (7) (8) (9) (10) (11) (12) (13) .
The plasminogen system is composed of an inactive proenzyme, plasminogen, that is converted to its active derivative plasmin by two physiological plasminogen activators (PAs), 1 tissue-type PA (t-PA), and urokinase-type PA (u-PA) (14) . Their action is controlled by plasminogen activator inhibitors (PAIs), of which PAI-1 appears to be the predominant physiological inhibitor (14) . Whereas t-PA is primarily involved in clot dissolution, u-PA, which binds to a membrane-anchored glycoprotein (u-PAR), has been implicated in pericellular proteolysis during cell migration or tissue remodeling (15, 16) . Plasmin has been implicated in tissue remodeling during wound healing and inflammation via proteolysis of extracellular matrix components and via activation or liberation of growth factors from the matrix, such as latent TGF ␤ , basic fibroblast growth factor, IL-1 ␤ , hepatocyte growth factor, and vascular endothelial growth factor (17, 18) . In several human inflammatory disorders of the lung, kidney, and skin, reduced plasmin proteolysis has been associated with thrombosis, excessive matrix deposition, and impaired wound healing, suggesting that plasmin promotes wound healing (19) (20) (21) . These observations in patients have recently been extended by gene targeting studies in mice, which have revealed a significant role for the plasminogen system in experimental wound healing in the lung (22) , skin (23) , and kidney (24) . However, the role of plasmin during vascular wound healing after vessel wall injury in vivo has not been examined to date.
In an uninjured artery, t-PA production by quiescent endothelial cells may promote vascular patency, whereas PAI-1 synthesis by medial smooth muscle cells has been proposed to provide a hemostatic barrier (25, 26) . After injury, expression of t-PA, u-PA, and u-PAR by smooth muscle, endothelial, and inflammatory cells is significantly induced, suggesting that a hyperfibrinolytic response may participate in the migration and/or proliferation of these cells (6) (7) (8) (9) (10) (27) (28) (29) . Indeed, smooth muscle cells use proteinases to degrade the extracellular matrix that encages and prevents them from migration into the wound (1-11). Plasmin may trigger this process since it can directly degrade fibrin and matrix and also activate other matrix-degrading proteinases, including the metalloproteinases and heparanases (17) . Indirect evidence has been provided that the plasminogen system participates in vascular wound healing and neointima formation in several species, including humans (Carmeliet, P., L. Moons, M. Dewerchin, R.C. Mulligan, R.D. Gerard, and D. Collen, manuscript submitted for publication) (30) (31) (32) . Since expression of the plasminogen system has also been demonstrated in smooth muscle cells and leukocytes in human atherosclerotic plaques (33-36), normal as well as atherosclerotic or restenotic vessels are able to express those components of the plasminogen system required for controlled plasmin proteolysis after vascular injury. Direct genetic proof for a causal role of the plasminogen system in smooth muscle and endothelial cell function has, however, not been demonstrated. This study in mice with inactivation of the gene encoding plasminogen (Plg Ϫ / Ϫ ) (37) demonstrates a significant role of plasmin proteolysis in arterial neointima formation via regulation of smooth muscle cell migration, but not in reendothelialization.
Methods
Electric injury model and morphometric analysis. Perivascular electric injury and analysis of neointima was performed as described elsewhere (38) . Briefly, femoral arteries from 6-8-wk-old mice were exposed by blunt-end dissection and injured by electric current (1.4 V for 2 s) using a bipolar microcoagulator (Elektrotom 80B; Martin, Tüttlingen, Germany). The current was delivered through the tips of microforceps (200-m wide; Fisher, Freiburg, Germany) positioned around the artery without applying mechanical pressure to the vessel, at distances of 1 mm over a total length of 2-3 mm. This model of acute perivascular electric injury thus differs from the chronic electric stimulation models previously described to induce neointima formation (39) . At selected times after injury, the mice were perfusionfixed with 4% phosphate-buffered formalin (pH 7.0) at physiological pressure for a period of 10 min. The injured vessel segments were dissected, postfixed in 4% formalin for 4 h, and either paraffin-embedded or transferred to cold phosphate-buffered saline containing increasing concentrations of sucrose (5, 10, and 20% final concentration) overnight. The vessel segments were then embedded in OCTcompound (Tissue-Tek, Miles, Elkhart, IN), snap-frozen in precooled 2-methyl butane, and stored at Ϫ 80 Њ C until further use.
7-m-thick sections were made throughout the whole dissected segment and stained either with hematoxylin-eosin or the appropriate antiserum, as described below. Smooth muscle cells and inflammatory cells were immunostained using, respectively, a cross-reacting biotinylated murine monoclonal antibody against human smooth muscle alpha-actin (clone 1A4; Sigma Chemical Co., St. Louis, MO; diluted 1:500) and a biotinylated rat monoclonal antibody against murine common leukocyte antigen/CD45 (clone 30F11.1; PharMingen, San Diego, CA; diluted 1:100), followed by peroxidase-labeled avidin (DAKOPATTS, Copenhagen, Denmark). Replication was determined by labeling cells in S-phase with three doses of 5 Ј -bromo-2 Ј - (right) arteries. The media of an uninjured mouse femoral artery consists of two to three layers of smooth muscle cells, but there are no smooth muscle cells in the intima. 2 d after injury, the injured segment in the media is depleted of smooth muscle cells. Within 1 wk after injury, cells repopulate the media and a small neointima is formed at the borders of the injury in Plg ϩ/ϩ but less in Plg Ϫ/Ϫ arteries. The insert shows the presumed migration of smooth muscle cells across the internal elastic lamina, within the media, and alongside the lumen. For the sake of clarity, endothelial cells and leukocytes are not represented. Within 2-3 wk after injury, the media is repopulated and the neointima has uniformly developed throughout the whole injured region in Plg ϩ/ϩ arteries, whereas only a smaller neointima is present at the borders of the injury in Plg Ϫ/Ϫ arteries. The vertical lines below each artery denote the equally spaced locations that were used for the topographic analysis in Tables III and IV. deoxy-uridine (BrdU) (50 mg/kg) injected intraperitoneally at 17, 9, and 1 h before killing. Arteries were then perfusion fixed as described above. Sections were stained employing a monoclonal rat anti-BrdU antibody (clone BU1/75; Sera-lab, Sussex, UK; diluted 1:5), followed by biotinylated rabbit anti-rat immunoglobulins (DAKOPATTS; diluted 1:400) and peroxidase-labeled avidin (DAKOPATTS). Peroxidase activity was developed by incubating sections in 0.05 M Tris-HCl buffer, pH 7.0, containing 0.06% 3,3 Ј -diaminobenzidine and 0.01% H 2 0 2 followed by counterstaining.
Morphometric measurements of cross-sectional areas and cell counts were performed in a blinded manner on transverse sections of artery using a computer-assisted image analysis system (IP Plus 1.0; CN Rood, Zellik, Belgium). For determination of the morphometric averages per experimental group (cross-sectional areas and cell counts), five sections, equally spaced across the injured segment and Ͼ 400 m apart (i.e., at locations 1, 3, and 5 or 6, 8, and 10, depicted beneath each schematically represented artery in Fig. 1 ) were analyzed, and the averaged measurements per artery were then used to determine the mean Ϯ SEM of the indicated number of arteries. For the topographic analysis, measurements at similar relative positions throughout the injury (i.e., at locations 1 to 10 for determination of luminal stenosis and at locations 1, 5, and 10 for determination of cell counts) were used to calculate the topographic mean Ϯ SEM at each position in the different arteries. The incidence and extent of thrombosis was semiquantitatively evaluated by counting the fraction of sections of the injury without or with a mural thrombus (usually occluding the lumen for Ͻ 25%). Statistical differences between groups were calculated by analysis of variance.
For zymographic analysis of plasminogen activator activities in arteries or thioglycollate-stimulated macrophages (40) , tissues or cells were extracted in buffer containing 10 mM sodium phosphate, pH 7.2, 150 mM sodium chloride, 1% Triton X-100, 0.1% SDS, 0.5% sodium deoxycholate, and 0.2% sodium azide. 10 g (artery) and 30 g (macrophage) protein extracts were then electrophoresed on a 12.5% acrylamide gel, cast with 1% nonfat dry milk and 5 g/ml human plasminogen under nonreducing, denaturing conditions, washed twice at room temperature in 2.5% Triton X-100 (dissolved in water), followed by overnight incubation at 37 Њ C in buffer containing 100 mM glycine, pH 8.0. Gels were stained in 0.5% Coomassie Brilliant Blue R250 and destained in buffer containing 45% ethanol and 10% acetic acid. The amount of lysis (area ϫ intensity) was quantitatively analyzed using the Quantimed 600 image analysis software and expressed in arbitrary units lysis. For zymographic analysis of plasminogen activator activities in the plasma, 200 l plasma (collected on 0.1 vol of 4% trisodium citrate) was precipitated and transferred on fibrin plates and incubated at 37 Њ C until lysis as previously described (41) . Plasma samples were compared relative to a murine t-PA and u-PA standard (40) . The fraction of the lysis due to t-PA or u-PA activity was determined by including in the fibrin gel 20 g/ml polyclonal rabbit anti-murine t-PA-and/or u-PA-specific IgGs, respectively. Lysis was expressed as units murine plasminogen activator per milliliter plasma.
Results

Electric injury and vascular wound healing in wild-type (Plg
To perform a genetic analysis of the molecular mechanisms involved in vascular wound healing, a model to injure arteries in mice was developed and characterized in detail else- where (38) . Since the electric injury model differs from the more widely used mechanical injury model in mouse (42) and rat (43, 44) , its characteristics are briefly discussed. Fig. 1 schematically represents the healing response and neointima formation that occurred after a single perivascular application of an electric current that denuded the endothelium and destroyed most or all smooth muscle cells in the media (38) . As shown in Fig. 2, a and b , the media but not the intima of an uninjured artery from a wild-type mouse contains smooth muscle ␣ -actin immunoreactive cells. Within 2 d after injury, significant cell necrosis across the vessel wall occurred as revealed by the acellular media and eosinophilic debris (Fig. 2, c and d ) . This resulted in a vascular wound healing response that is characterized by transient mural thrombosis and infiltration of inflammatory cells, removal of necrotic debris, reendothelialization, repopulation of the damaged media by smooth muscle cells, and the formation of a neointima containing up to 12 layers of smooth muscle ␣ -actin immunoreactive cells (Fig. 2 , e and f ) (38) . Wound healing and the associated arterial neointima formation and reendothelialization initiated at the uninjured borders with subsequent progression into the necrotic center. This healing process is similar to that observed after venous grafts (45, 46) , laser-induced thermal injury (47), necrotizing transluminal ligation injury (48) , and end-to-end microvascular anastomosis (49) .
Vascular wound healing and arterial neointima formation in mice with inactivation of the Plg gene (Plg
). Vascular wound healing was significantly impaired in Plg Ϫ / Ϫ arteries (Fig. 2, g  and h ) . Removal of the necrotic debris, repopulation of the media by smooth muscle cells, and leucocyte infiltration of the media appeared to be delayed during the first week after injury. In fact, acellular regions of necrotic debris, similar to those observed within 2 d after injury in Plg ϩ / ϩ mice (Fig. 2 c ) , were still present in the central region of the media of the injured segment beyond 2 wk after injury (Fig. 2 g ) . A neointima was present at the uninjured borders beyond 1 wk after injury, but was significantly smaller, contained fewer cells, and progressed less into the necrotic center as compared with Plg ϩ / ϩ arteries (Fig. 2 g ) .
Neointima formation, as deduced from measuring the cross-sectional area within the internal elastic lamina (Fig. 3) and from counting of the neointimal cells (Table I) , was significantly reduced in Plg Ϫ / Ϫ mice. A similar reduction in the number of medial cells was observed in Plg Ϫ / Ϫ arteries (Table I) . Leukocytes, which transiently infiltrated the media and neointima during the first week (38) , appeared to accumulate in smaller numbers in Plg Ϫ / Ϫ than in Plg ϩ / ϩ arteries: 38 Ϯ 6% of medial and 38 Ϯ 4% of neointimal cells were CD45-immunoreactive leukocytes in Plg ϩ / ϩ arteries, whereas only 3 Ϯ 3% of medial and 13 Ϯ 3% of neointimal cells were CD45 positive in Plg Ϫ / Ϫ arteries (each P Ͻ 0.005 vs. Plg ϩ /ϩ by analysis of variance). Since most (Ͼ 97%, excluding the endothelial cells) neointimal and medial cells beyond 2 wk were ␣-actin-positive smooth muscle cells (38) , accumulation of smooth muscle cells in Plg Ϫ/Ϫ arteries was also significantly decreased. Proliferation of smooth muscle cells. To evaluate whether deficiency of plasminogen affects cellular proliferation, incorporation of BrdU into replicating cells was determined on five sections per artery in the indicated number of arteries (Table  II) . Proliferation of (intimal) smooth muscle cells after electric injury was delayed and reduced by comparison with mechanical injury (38) . As shown in Table II and Plg Ϫ/Ϫ arteries, except for a somewhat lower proliferation rate of medial smooth muscle cells in Plg Ϫ/Ϫ arteries at 2 wk after injury.
Migration of smooth muscle cells. Smooth muscle cells after electric injury migrated within the media and alongside the lumen from the uninjured borders into the necrotic center (38) . This process was quantitated by measuring the luminal narrowing (percent stenosis) and cell accumulation at equally spaced positions across the injured segment. Within 1 wk after injury, a significant neointima was initiated at the borders of the injury in Plg ϩ/ϩ arteries, but only minimally in Plg Ϫ/Ϫ arteries (P Ͻ 0.05 vs. Plg ϩ/ϩ by analysis of variance) (Fig. 4) . Within 3 wk after injury, the neointima had progressed into the center of the injury in Plg ϩ/ϩ arteries, whereas the neointima in Plg
arteries failed to progress to the same extent into the necrotic center as in Plg ϩ/ϩ arteries (P Ͻ 0.05 vs Plg ϩ/ϩ by analysis of variance) (Fig. 4 B) . These findings were extended by counting the medial and neointimal cell nuclei at three equally spaced positions across the injured segment (locations 1, 5, and 10 in the arteries of Fig. 1 ), revealing accumulation of cells at the borders but reduced progression into the center of the injured segment (Tables III and IV) . Thus, these data suggest that smooth muscle cells migrate over a shorter distance in Plg Ϫ/Ϫ than in Plg ϩ/ϩ arteries. This process is schematically represented in Fig. 1 .
Reendothelialization. Electric injury completely denuded the injured segment of intact endothelium as revealed by Evans blue staining immediately after injury (Fig. 5 a) . Reendothelialization initiated from the uninjured borders into the necrotic center and was complete within 2 wk after injury in Plg ϩ/ϩ mice (Fig. 5 a) . Endothelial regrowth was, however, not affected in either its extent or its rate by Plg deficiency as compared with wild-type mice (P ϭ NS) (Fig. 5) . ). The data represent the meanϮSEM of the morphometric measurements in at least seven arteries, determined at similar relative topographic locations throughout the injured segment. The number of the relative locations throughout the injured segment refers to those defined in Fig. 1 beneath each 
Thrombosis. Electric injury of Plg
ϩ/ϩ arteries results in transient mural thrombosis during the first week after injury; i.e., before the appearance of the first smooth muscle cells in the neointima (38) . Since deficiency of Plg results in widespread thrombosis and a greatly reduced ability to spontaneously lyse a 125 I-fibrin-labeled pulmonary plasma clot (37), the incidence and extent of thrombosis in Plg Ϫ/Ϫ arteries was semiquantitatively evaluated. As can be seen in Table V , mural thrombosis was observed more frequently and during longer time periods in Plg Ϫ/Ϫ than in Plg ϩ/ϩ arteries. Expression of the plasminogen system. Deficiency of u-PA but not of t-PA results in a similar reduction of neointima formation as deficiency of plasminogen (Carmeliet, P., L. Moons, M. Dewerchin, R.C. Mulligan, R.D. Gerard, and D. Collen, manuscript submitted for publication). To investigate whether u-PA acts by activation of plasminogen and whether deficiencies of u-PA or Plg would induce a compensatory increase in t-PA, t-PA and u-PA activities were evaluated in the plasma and in the different cell types that participate in vascular wound healing (vascular cells in arteries and macrophages), in u-PA-and Plg-deficient mice. As can be seen in Fig. 6 and Table VI, there were no differences in t-PA and u-PA activity in the arteries, macrophages, and plasma from wild-type, Plgdeficient, or u-PA-deficient mice. These data indicate that u-PA is expressed in Plg Ϫ/Ϫ mice, but is unable to rescue deficiency of Plg, suggesting that u-PA acts by activation of Plg. Similarly, the observation that t-PA expression is not affected by deficiency of u-PA or Plg indicates that t-PA is unable to rescue deficiency of u-PA or Plg, suggesting that t-PA is not mediating neointima formation.
Discussion
Role of the plasminogen system in smooth muscle cell migration. The present study demonstrates that deficiency of plasminogen greatly reduces neointima formation, suggesting that plasmin proteolysis promotes vascular wound healing after injury. These data are consistent with previous findings that expression of t-PA, u-PA, and u-PAR by vascular cells is significantly induced after injury (Carmeliet, P., L. Moons, M. Dewerchin, R.C. Mulligan, R.D. Gerard, and D. Collen, manuscript submitted for publication) (6) (7) (8) (9) (10) . The increased levels of plasminogen activators may convert plasminogen, which readily gains access to the arterial media after removal of the endothelium, to plasmin in the immediate surroundings of smooth muscle cells and create a hyperfibrinolytic state that is required for proper healing of the wound.
Our data further suggest that smooth muscle cells require increased plasmin proteolysis to migrate into the wound. Indeed, the observations in Plg Ϫ/Ϫ mice that neointima formation was reduced, that smooth muscle cells accumulated at the borders but failed to progress into the necrotic center, and that proliferation was only marginally affected suggest that plasminogen deficiency impairs smooth muscle cell migration (see also Fig. 1 for schematic representation) . Since smooth muscle cells are surrounded by an encaging extracellular matrix, they can only migrate into the wound by degrading their surrounding matrix using proteinases such as plasmin, metalloproteinases, cathepsins, heparinases, elastases, etc. (11, 13). Plasmin appears to play an important role in this process, possibly by triggering activation of other proteinases, which are usually present as inactive proenzymes (17) .
In another study, neointima formation was found to be similarly impaired in u-PA-deficient but not in t-PA-deficient mice (Carmeliet, P., L. Moons, M. Dewerchin, R.C. Mulligan, R.D. Gerard, and D. Collen, manuscript submitted for publication). Since expression of u-PA was not affected by Plg deficiency, u-PA by itself is unable to mediate neointima formation in the absence of Plg. Despite normal levels of expression, t-PA is unable to compensate for deficiency of u-PA or Plg.
Taken together, these data indicate that u-PA is the physiologically important plasminogen activator for smooth muscle cell migration and that it acts by plasminogen activation to generate plasmin proteolysis. This hypothesis is consistent with previous reports that the plasmin inhibitor tranexamic acid reduces smooth muscle cell migration in the rat carotid artery without affecting smooth muscle cell proliferation (8, 9) . Similarly, metalloproteinase inhibitors reduce neointima formation in the ballooned rat carotid artery by impairing migration but not proliferation of smooth muscle cells (12) . One interesting but unresolved question is whether smooth muscle cell survival (apoptosis) is affected by plasminogen deficiency, since this may be another mechanism to control neointimal growth.
Smooth muscle cells can control their own migration in an autocrine way since they express t-PA, u-PA, and u-PAR (7, 10, 29, and Carmeliet, P., L. Moons, M. Dewerchin, R.C. Mulligan, R.D. Gerard, and D. Collen, manuscript submitted for publication) and, therefore, would be able to generate pericellular plasmin proteolysis. Alternatively, endothelial or inflammatory cells (which also accumulate in the wound; this study and references 1-3, 47) may assist in the migration of smooth muscle cells by providing u-PA to the smooth muscle cells (similar to the paracrine regulation of tumor cell migration by stromal cells; reference 16) or by "clearing a path" for them. Whatever the cellular interactions, activation of the plasminogen system within the vessel wall after injury appears to participate in the wound healing response in vivo.
Role of plasmin in smooth muscle cell proliferation. No consistent significant differences in smooth muscle cell proliferation were observed between Plg Ϫ/Ϫ and Plg ϩ/ϩ arteries, except for a somewhat reduced proliferation rate of Plg Ϫ/Ϫ medial smooth muscle cells after 2 wk. The latter might be attributable to the ability of plasmin to modulate the activation or liberation from the extracellular matrix of certain growth factors (including basic fibroblast growth factor, TGF␤, and IL-1) (17, 18) , which have been implied in growth control after mechanical injury (3, 5) , which would be reduced in Plg Ϫ/Ϫ mice. Role of plasmin in matrix remodeling. Studies on the role of the plasminogen system during lung, skin, and kidney injury in mice have revealed that impaired plasmin proteolysis results in increased accumulation of extracellular matrix containing fibrin, collagen, and fibronectin (18) (19) (20) (21) (22) (23) (24) . Electron microscopy of electrically injured media in wild-type mice has revealed that the media consists of necrotic smooth muscle cell remnants embedded in a fibrin-rich extracellular matrix (38) . Thus, healing of the necrotic media must involve proteolytic degradation and removal of this debris. Our studies indicate that removal of the necrotic debris was significantly impaired in Plg Ϫ/Ϫ arteries, indicating that plasmin proteolysis is indeed required for appropriate tissue remodeling during wound healing. Thus, the deposited matrix may constitute a barrier for the infiltrating leukocytes (which assist in clearance of the debris) and the migrating smooth muscle cells.
Role of plasmin in thrombosis. Deficiency of plasminogen results in severe thrombosis with impaired ability to lyse an ex- perimental pulmonary plasma clot in vivo (37) . The present findings confirm the increased susceptibility of Plg Ϫ/Ϫ mice for thrombosis after vascular injury. Thrombosis may promote neointima formation by providing a provisional matrix for smooth muscle cell migration and supplying a variety of growth factors, able to modulate proliferation and migration of smooth muscle cells (1) (2) (3) (4) (5) . Interestingly, neointima formation was smaller but thrombosis more persistent in Plg Ϫ/Ϫ arteries, suggesting that the presence of a mural thrombus was not sufficient and even may have impeded neointima formation in Plg Ϫ/Ϫ arteries. In fact, our data imply that, despite a more persistent thrombus, Plg Ϫ/Ϫ cells fail to migrate into and lyse the thrombus. A similar mechanism of increased extracellular matrix deposition and deficient keratinocyte migration was proposed for the impaired skin wound healing in Plg Ϫ/Ϫ mice (23) .
Role of plasmin in endothelial cell regeneration. Endothelial cell regrowth was not impaired by plasminogen deficiency. This is somewhat surprising in view of the induced expression of plasminogen activators in regenerating endothelium in vivo and in vitro after injury (15) . However, to date, no abnormalities in vascular development have been described in mice with inactivated genes of plasminogen system components during embryogenesis (50) , suggesting a redundant role for the plasminogen system and/or compensation by other proteinase systems in endothelial cell migration. Endothelial cell migration alongside a denuded surface may, however, require other proteolytic mechanisms than invasion through anatomic barriers, as suggested by the deficient endothelial cell recruitment in u-PAdeficient mice after Polyoma middle T transformation (51) .
Role of plasmin proteolysis in vascular wound healing. Gene targeting studies have demonstrated that the plasminogen system plays a more important role during conditions of inflammation and healing than during development or nonpathological conditions (50) . An interesting question is thus whether the role of the plasminogen system depends on the severity of the injury or the extent of the tissue response, since a more severe injury would result in increased matrix deposition and require more plasmin proteolysis to remove this debris. In addition, a more severe injury may result in greater infiltration by leukocytes that can assist in migration of smooth muscle cells (see above). In this respect, it is noteworthy that accumulation of smooth muscle cells, but also of leukocytes, was reduced in Plg Ϫ/Ϫ arteries (present study). It will thus be interesting to determine whether leukocytes are able to orchestrate the arterial response to injury not only by controlling mitogenic signals (3), but also by assisting migration of smooth muscle cells.
In conclusion, this study provides direct genetic proof that plasmin proteolysis promotes vascular wound healing and associated neointima formation in mice, most likely by promoting migration of smooth muscle cells into the wound.
